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Abstract 
Viewpoints of various interest groups should be addressed in any public service appraisal. Urban public 
transportation development and services have diverse impacts on users, operators and the community. The impacts 
can be characterized by a wide range of perspectives including: efficiency, effectiveness, and efficacy, economic, 
social and environmental dimensions. The objective of the study summarized herein was to shed some light on the 
perceived attributes pertinent to the Tehran regular transit service appraisal.  The research revealed interesting results 
regarding the key perceived attributes and criteria. The surveyed groups showed interesting similarities and 
differences in their attributes, selections and choices. 
© 2011 Published by Elsevier Ltd. Selection and peer-review under responsibility of TRA 2012 
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1. Introduction 
Public transportation systems play a very important role in the daily lives of city dwellers and 
commuters throughout the world; and with the increase in population and current concerns about the 
environment, efficient urban public transport systems are urgently required. Urban public transport is one 
of the most significant sectors that must be considered in creating a sustainable urban environment 
(Meakin, 2004). In the past, after the car invention, the people were mostly interested in using personal 
car, due to the convenience, comfort and lower travel time. But in the recent decades, congested urban 
area and consequently the environmental problems urged the urban decision makers to think about a new 
policy to attract more people to the urban public transportation. In the beginning, some historical forms of 
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public transport like stagecoach, horse-drawn boat and horse driven wagons in railways were applied. 
After the invention of the steam motors in the 19th century, a revolution occurred in the public transport 
systems.  The traditional bus system was applied in the cities during the 50s. By the technological 
achievements, another type of public transport mode called rail transit was created.  
To attract more passengers to the public transport services, the urban policy makers and the 
transportation experts proposed the rapid transit systems. These systems have separated right of way in 
the urban area and work with a higher velocity (Vuchic, 2005). The rail rapid transit, Metro, in the big 
cities is considered as the most popular rapid transit system. But in the recent years due to the high 
expenses for implementation of the rail rapid transit in an urban network another mode of the generic 
classification of the urban public transport, called semi rapid transit system, is applied. A wide range of 
public transport systems are included in this category. Light Rail Transit (LRT) and Bus Rapid Transit 
(BRT) are considered as semi rapid transit mode. In the recent years, in some of the Latin American cities 
like Bogotá in Colombia, Curitiba in Brazil such systems are implemented. Moreover, several new BRT 
projects are under construction in South Africa, Tanzania, Peru, and Mexico (Zimmerman, 2003). ITS is 
used widely in the BRT system for traffic signal prioritization, electronic tickets, vehicle automatic 
control, and automatic passenger counting (Walter, 2004). The recent researches indicate the principal 
role of public transport on reducing the CO2 emissions in the urban network (Vincent, 2006; 
Wohrnschimmel, 2008).  
  It has always been understood that the appeal of the car is characterized by its immediate availability, 
its predictability, flexibility and door to door delivery. In contrast, bus and train are characterized by 
relative inflexibility, unpredictability (i.e. reliability), and disconnectedness. To encourage the passengers 
to use increasingly public transport and to step up the ridership, the transportation specialists attempt to 
improve the public transport systems (e.g. San Pablo new BRT implementations, increased 8% the 
ridership (Cain, 2003)). The first step for every functional improvement is evaluation of the system. For 
every appraisal, some criteria are defined. In this specific case, viewpoints of various interest groups with 
conflicting interests are considered. . The objective of the study summarized herein was to shed some 
light on the perceived attributes pertinent to the Tehran regular transit service appraisal. Deployment of 
quantitative techniques, such as multicriteria decision making methods, would facilitate such a 
multidimensional analysis and appraisal. 
According to the head of Tehran Municipality's Environment and Sustainable Development Office, 
Tehran has a capacity for 700,000 cars but currently more than 3 million cars are on the roads in the 
capital (Gharib, 2003). Traditionally, due to the low fuel costs, most people are interested in either the 
usage of private cars or hiring taxis. In 2011, with the improvements in the public transport system and 
the rise in fuel prices due to the new subsidies reform plan, the city decision makers are hoping to be able 
to improve the problems of pollution and traffic. In Tehran the major services include regular bus, bus 
rapid transit and rail rapid transit. 
 The study consisted of several stages. Firstly, to ascertain attributes of urban public transportation 
services, a relevant questionnaire was designed and prepared. Secondly, interest groups encompassing 
users, operators and the community were surveyed. Finally, based on the completed questionnaires, the 
study database was created and analyzed. To identify key attributes, quantitative techniques such as 
frequency analysis, correlation analysis, grouping techniques and factor analysis were deployed. The 
study showed that the surveyed persons identified three to seven attributes as the key factors for service 
appraisal. Using grouping techniques and factor analysis, the attributes were consolidated into seven new 
dimensions. The study confirmed that the efficacious appraisal of urban public transportation services, 
due to conflicting evaluation factors, is inherently one of the multicriteria decision making situation. As 
regards the involvement of various groups with conflicting objectives in this study, multicriteria decision 
making seems to be a useful tool to evaluate these three transit modes.  
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In the following box, there is the Nomenclature of the variables applied in the study. The evaluation 
criteria in the questionnaire are shown by abbreviation.  
Nomenclature 
PC                   Personal Car 
IMPAVA        Availability Importance                IMPWAI        Waiting Time Importance 
IMPPUN        Punctuality Importance                  IMPARC        Area of Coverage Importance 
IMPTVL        Travel Time Importance                IMPUCS         User Cost Importance 
IMPOCS        Operation Cost Importance            IMPCN1         Convenience 1 Importance (in vehicle) 
IMPCN2        Convenience 2 Importance (connection to other modes) 
IMPSEC         Security Importance (in vehicle and station) 
IMPCF1         Comfort 1 Importance (quality and cleanness in stations) 
IMPCF2         Comfort 2 Importance (entering and exiting the vehicle) 
IMPCF3         Comfort 3 Importance (existence of enough seats in the vehicle) 
IMPECO        Economic Importance (the impact of using the vehicle on the family cost reduction) 
IMPENR        Energy Importance (the impact of using the vehicle on reducing fuel consumption of PC)  
IMPSCL         Social Impact Importance (the impact on destitution reduction and social fairness) 
IMPENV        Environmental Importance (the impact on pollution reduction)         
2. The study 
The data collected for this study were obtained as a part of a study from three groups of people: 
x Passengers 
x Operator (experts, station operators) 
x Community or Society 
The study was conducted in the form of a questionnaire survey.  From the list of evaluation criteria, the 
respondents were asked to select any number of criteria that they felt were important in the public 
transport appraisal. Then from the list of factors selected, each respondent was asked to rank the factors in 
order of importance.  
The questionnaires were sent to the Tehran and Suburb Bus Company and also Tehran Metro 
Company. For the groups of passengers and community, the students of the department of civil 
engineering of Sharif University of Technology in the spring semester 2009 were chosen. 3 classes of 
B.Sc students and 1 class of M.Sc students expressed their opinion about the aforementioned factors. To 
separate the group of passengers and community from each other, it was decided to assume the students 
with medium and high public transport usage frequency, as passengers and the rest as community group. 
Fig. 1 demonstrates the structure of the data base and the inquiry asked in the questionnaire. 
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In the Fig. 2 the structure of the groups of participants on this study is shown. As it is mentioned in the 
figure, 180 people were participated, 154 of which were used in the present study. 
Fig.1. Data base structure
Fig. 2. Respondent’s structure
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In the questionnaire, 17 factors for public transport appraisal were presented. The list of factors is 
presented in the nomenclature box and in the Fig.1. The survey participants were asked to select from the 
list those factors felt to be important and then rank the selected factors in order of importance. A 
numerical rank of 1 was used for the most important factor, and increasing numbering was used for less 
important factors. The number of factors considered by the respondents to be influenced in the appraisal 
varied. 
Table 1 shows the distribution of the number factors selected and ranked. From the table, around 75% 
of the respondents chose 3 to 7 factors as important criteria for evaluating public transport systems.  
In order to analyze the data statistically, the rank orders were transformed into numerical scores. An ad 
hoc procedure was used by first assuming that each respondent had 100 points to be distributed to the 
reasons according to the rank ordered importance. A linear scale was assumed in the distribution of the 
scores. A respondent with only one important reason for route selection was assumed to give all 100 point 
to that single reason. A respondent with 2 important route selection reasons was assumed to allocate the 
points in ratio of 2:1, resulting in a score of 66.67 for the most important reason and 33.33 for the other 
reason. If three reasons were selected, the scores would be 50.00, 33.33 and 16.67. If 2 out of 3 selected 
criteria have the same rank, for instance 1,1,2, one of the criteria with the rank of 1 will be considered as 
the rank 2 and the one with the rank 2 previously will be transformed to rank 3 and the scores will be 
assumed like the aforementioned example. By knowing that 2 of the factors have the same ranks, the 
average of their scores will be applied. For instance in the previous example, the scores will be 41.67, 
41.67 and 16.67. In general, the rank orders were transformed into numerical scores by 
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 Table 1 the number of criteria considered to be influential on public transport appraisal 
Percent of 
Frequency
FrequencyNumber of Selected 
Criteria 
Percent of 
Frequency
FrequencyNumber of Selected 
Criteria 
2.594100.6411
2.594111.9432
0.6411210.38163
1.9431314.93234
1.2921420.77325
0.0001516.23256
0.6411612.33197
1.292174.5478
Sum: 100Sum: 154-7.14119
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where in the equation (1), Nl is the number of selected factors by the respondent l, Kjl is the rank of 
criteria j by participant l and Sj is the score of factor j by respondent l. In the case of not choosing a factor 
the score will be assumed zero. In equation (2), Sj is the average score of the factor j and FSj is the 
frequency of selecting the criteria j. Since the analyses are statistical in nature, the transformation of the 
rank orders into numerical scores is not likely to influence the interpretative results. 
The statistical analysis was carried out in three parts. First, analyses of means of the numerical scores 
and grouping techniques have been carried out. The correlation structure of the numerical scores was 
analyzed next. The correlation coefficients of the scores, the frequency of joint ranking, and the statistical 
significance of the correlations were studied. In this part of the analysis, appraisal factors not ranked were 
assigned the value of zero. Finally the factor analysis techniques and a cross tabulation of the frequency 
of responses were employed to organize the data into simpler structure and to have a deeper investigation 
of the conflicting factors, respectively. All the aforementioned statistical analyses were carried out using 
the statistical package of the social sciences (SPSS) software. Details of the multivariate statistical 
techniques can be found in (SPSS, 2007). 
3.  Analysis and results    
3.1. Uni-variate statistical analysis 
The frequency of the various factors that were checked and the distribution of the rank scores do not 
show any overwhelming dominations. Table 2 gives the distribution of the responses, frequency 
percentage (Freq. Per.), and the mean of scores (M. S, Sj) and standard deviation of the rank scores (S. 
D.). There are five factors that were considered to be important by more than half of the respondents: 
waiting time (WAI), punctuality (PUN), travel time (TVL), convenience 1 (CN1), and environment 
(ENV). The first three factors are time dependant factors. In the next stage, due to the air pollution 
problems in the metropolitan area of Tehran, environmental impacts have a high frequency of selection as 
an important factor for the public transport assessment. According to the returned questionnaire by the 
respondents, Convenience (CN1) in the vehicle, enough seats, with a percentage of 54% seems to be 
another significant factor. In general, operating cost (OCS), receiving about 16.2% of the responses, was 
considered as the less important criteria. 
Table 2 statistical summary of rank scores 
Group S.D.M. S., SjFreq. Per. Criteria Group S.D. M. S., SjFreq.Per.  Criteria 
LH 7.33 13.63 28.6% SEC HH 9.56 14.30 42.2% AVA 
LL 5.47 8.58 24.7% CF1HH 10.87 17.88 71.4% WAI 
LL 4.62 8.39 25.3% CF2HH 9.73 16.45 60.4% PUN 
HL 9.71 12.95 43.5% CF3LH 9.15 14.96 40.3% ARC
LH 8.05 14.28 25.3% ECO HH 11.95 18.59 63.6% TVL 
HL 8.91 12.05 44.8% ENR LL 8.48 13.39 35.7% UCS
LL 7.59 12.18 27.3% SCL LL 4.53 9.87 16.2% OCS
HH 13.45 15.92 63.0% ENV HH 8.74 13.54 54.5% CN1
--Mean: 13.41 Mean: 41.1  -LL 6.87 10.98 31.8% CN2
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Interpreting the results shown in Table 2, it is necessary to consider both the frequency that a factor 
was selected as being important and the importance of the factor as reflected by the rank scores. To 
organize the information better, the reasons were organized into four groupings according to the 
frequency of the responses and mean rank score (the first label denotes the frequency of responses and the 
second label denotes the mean rank score, “L” stands for “Low” and “H” for “High”): 
x Group one (HH): Those factors which were frequently checked and had high average scores. There 
were six factors in this group.  
x Group two (LH): Those factors which were not as frequently checked, but had high average scores. 
There were three criteria in this group. 
x Group three (HL): Those criteria that were frequently checked but did not have high average scores. 
Two criteria belong to this group. 
x Group four (LL): Those factors which were not frequently checked and did not have high average 
scores.  
The average frequency and mean rank score are considered the threshold for the first and second labels 
accordingly. The less important factors affecting a large number of respondents, the HL group, show that 
a number of additional factors for public transport appraisal were often involved. For instance “energy” 
was considered as one of the important factors but the respondents didn’t gave high importance to this 
factor. Due to the low price of fuel at the time of the study (2009) in Iran, this was quite expected. Those 
factors in the group LH, namely infrequently checked but highly ranked, were obviously affecting only 
some of the respondents upon the individual circumstances. 
3.2. Pairwise correlation 
Of the many factors included in the questionnaire, there are some duplications in interpretation. This 
was done on purpose so that the responses may be checked for consistency. For instance, it was found 
that Waiting Time was most frequently considered in conjunction with availability and Travel Time. With 
some exceptions, where the factors were jointly ranked frequently, the rank scores were also found to be 
statistically correlated at a high level of significance. The factor “Waiting Time” was frequently 
considered to be important simultaneously with punctuality. 
By scanning over the 289 (17 by 17 matrix) coefficients of correlation, a number of interesting patterns 
of public transport appraisal factors were revealed showing how some respondent looked at the appraisal 
factor selection. Considering only those coefficients over 0.40 at a level of statistical significance of 0.05, 
it was found, for instance, that the factor “Punctuality” is strongly correlated with “Waiting Time” and 
also the factor representing the “Social Impact”, (destitution reduction and social fairness), is extremely 
correlated with “Energy Consumption” factor. The interesting consequence of this analysis was the 
reverse correlation between the criteria “User Cost” and “Energy Consumption”. In other words by 
increasing the user cost, the factor “Energy Consumption” turns to be important. 
3.3. Factor Analysis       
Although the frequency and correlation analysis show some interesting aspects about the respondent’s 
opinion in selecting important appraisal factors, the complex structure of overlapping meanings and 
correlation can not be easily organized from the (17 by 17) correlations, with their different sample sizes 
and statistical significances. The statistical procedure called “factor analysis” was used in this study in 
order to group the reasons by linear combining the rank scores. Through principal component rotations of 
the correlation matrix, the procedure attempts to isolate the multivariate data structure into as few simple 
independent dimensions as possible. Because the rank scores had many zeros in them, the correlation 
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matrix for those factors that were actually ranked was obtained from different and often small samples. At 
the beginning, principal component method has been applied. Because the first loadings were not 
interpretative enough, by means of different factor rotations like Quartimax, Varimax and Equamax they 
were rotated. After some explorations of factor rotations applying the aforementioned methods, it was felt 
that a seven-dimension representation of the rank scores offers the best intuitive and stable interpretation. 
Without being unduly concerned about the statistical exactness, the factor showed that the seven 
dimensions combined to account for 61% of the variance. Casual labels are given to the factors for easy 
reference. There are criteria with factor loadings equal or higher than 0.40 in the Quartimax rotation. 
Table 3 shows the seven mentioned groups. Some criteria belong to more than one factor. 
3.4.        Cross tabulation 
Cross tabulation is the process of creating a contingency table from the multivariate frequency 
distribution of statistical variables and it is heavily used in survey research. In this section, the relation of 
gender, profession, number of cars and public transport use frequency with the way of selecting important 
appraisal criteria will be discussed.  
In the table 4 the percentage of the criteria, selected by the male and female respondents, is shown. By 
looking at the table, waiting time, area of coverage, security and enough seats in the public transport 
vehicle seem to be more important in the viewpoint of the females compared to the male respondents. 
Another interesting point achieved in this analysis is that the female respondents paid more attention to 
the environment than the men.  
Table 5 demonstrates the selection distribution according to the profession of the respondents. The 
most interesting achievement of this particular study is that, as it is shown in the table 5, the important 
appraisal criteria selected by different profession groups are different. For instance, by the professors and 
the transportation experts, environmental factor and energy consumption were 100% selected as 
important factors but by the students just 55.1%. Another important point is that the operation cost was 
much more selected by the operators than the passengers as an important factor that must be considered in 
the public transport appraisal. The study confirmed that the efficacious appraisal of urban public 
transportation services is inherently one of the multicriteria decision making situation.  
Table 3 factor grouping of public transport appraisal reasons 
Factor7 
(sustainable
development)
Factor6 
(reliability)
Factor5 
(trip attraction)
Factor4 
 (comfort)
Factor3 
(convenience)
Factor2 
 (service to the 
passenger)
Factor1 
(attractive for the 
Operator)
IMPUCSIMPWAIIMPPUNIMPARCIMPAVAIMPUCSIMPECO 
IMPOCSIMPPUNIMPARCIMPUCSIMPCN1IMPCF1IMPENR 
IMPECOIMPARCIMPCN1IMPSECIMPCF1IMPCF3IMPSCL 
IMPENRIMPCN1IMPCF2-IMPUCS-IMPOCS 
IMPSCLIMPCN2IMPECO----
IMPENVIMPCF1IMPENR----
--IMPTVL ----
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Table 4 cross tabulation of selecting important criteria in appraisal based on gender in percentage 
TotalFemaleMaleVariable TotalFemaleMaleVariable 
28.6%30.3%28.1%IMPSEC42.2%27.3%46.3% IMPAVA
24.7%30.3%23.1%IMPCF171.4%75.8%70.2%IMPWAI
25.3%21.2%26.4%IMPCF260.4%54.5%62.0%IMPPUN
43.5%45.5%43.0%IMPCF340.3%54.5%36.4%IMPARC
25.3%24.2%25.6%IMPECO63.6%60.6%64.5%IMPTVL
44.8%51.5%43.0%IMPENR35.7%27.3%38.0%IMPUCS
27.3%24.2%28.1%IMPSCL16.2%18.2%15.7%IMPOCS
63.0%66.7%62.0%IMPENV54.5%45.5%57.0%IMPCN1
----31.8%21.2%34.7%IMPCN2
Table 5 cross tabulation of selecting important criteria in appraisal based on profession in percentage 
TotalStudentProfessorOperatorVariable TotalStudentProfessorOperatorVariable 
.6%33.7% 0.0%20.4% IMPSEC42.2% 42.9% 0.0%42.6% IMPAVA
24.7% 29.6% 0.0%16.7% IMPCF171.4% 70.4% 0.0%75.9% IMPWAI
25.3% 28.6% 50.0% 18.5% IMPCF260.4% 65.3% 0.0%53.7% IMPPUN
43.5% 48.0% 0.0%37.0% IMPCF340.3% 40.8% 50.0% 38.9% IMPARC
25.3% 22.4% 0.0%31.5% IMPECO63.6% 69.4% 0.0%55.6% IMPTVL
44.8% 40.8% 100% 50% IMPENR35.7% 35.7% 0.0%37.0% IMPUCS
27.3% 15.3% 50.0% 48.1% IMPSCL16.2% 8.2%0.0%31.5% IMPOCS
63.0% 55.1% 100.0% 75.9% IMPENV54.5% 62.2% 50.0% 40.7% IMPCN1
-----31.8% 34.7% 50.0% 25.9% IMPCN2
4. Summary and Conclusion 
The perception of three groups of respondents, “Operators”, “Passengers” and “Community” on the 
factors, important to public transport evaluation, was studied through a questionnaire survey. The 
objective was to gain more insight into the subjective correlation between the various public transport 
appraisal factors. The questionnaire for this study provided the respondents the freedom of choosing and 
ranking the important factors. Uni- variate and multi- variate analysis has been applied on the data, 
derived from the questionnaire. The factors that were frequently chosen and had high importance ranking 
were categorized in separate groups. By means of factor analysis techniques, it was tried to summarize 
the 17 appraisal facrors to smaller number of criteria. The study proved that an efficient evaluation of 
public transport systems should include different groups of people with conflicting interests. These 
criteria studied in this research could next be applied in a multi criteria evaluation of the three public 
transport modes.     
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